Go ogle 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth or history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Lroogle Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 



Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 
at http : //books . qooqle . com/] 




一 mm.^^S3Sf^ 产，〜 ，" 



れ J 



Machine-tool operation for 
maximum production 

Charles Day 

z バ 



■ ，義 >?: に I 



19 れ Dl 



r 



1 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



A 











Machine- fool Operation 
for Maximum Production 


By CHARLES DAY 

Member off the Brm of 
DODGE & DAY, Engineers 
608 Chestnut Philadelphia 


Reprinted from 

THE ENGINEERING MAGAZINE 

New York—London 

Copyright! 1909, by John R. Dunlap 







Digitized by Google 




Digitized by Goo 



MACHINE-TOOL PRACTICE FOR MAXIMUM 
PRODUCTION. 

By Charles Day. 

Mr. Day's article is the first of an important series of six, defining the settled principles 
of machine*shop practice for maximum production, including the design and operation of 
tools, the choice of equipment, the determination of processes, and the layout, construction 
and operation of the shops themselvef. 一 The Editors. 

MACHINE-TOOL practice for maximum production has com- 
manded so much attention during the past few years that 
there is a natural hesitancy to undertake a summary of the 
subject in an article which must be addressed to an audience as expert 
as the majority of readers of this magazine. However, upon con- 
templating the matter, it seemed that the status of shop practice 
can today be somewhat more clearly defined than at any time since 
the advent of the high speed steels and motor drives, and possibly 
with this thought in mind a slightly new point of view can be had. 

When one considers the important part that the metal-working 
industry has played in the development of present-day civilization, 
he is forced to conclude that the rapid evolution that it has but just 
undergone will reach far beyond the bounds of the shop and factory. 
Our attention, as a rule, is so centered upon our immediate concerns 
that we overlook the broader aspects of the machine-shop problem, 
and so lose the keen interest that must certainly spring from a realiza- 
tion of the substantial advancement in human progress that can be 
readily traced to the metal-working arts. This is a phase of the 
subject that we cannot afford to ignore, for the broader our under- 
standing of the reasons governing industrial advancement and the 
part played by the line of work in which we are directly engaged, 
the more effective can our efforts be made. 

The foundation of modern business and society commenced with 
the first general utilization of iron and steel. The advent of the rail- 
road marked a revolution in personal and business relations, and the 
steamship in international affairs, and yet both of these were made 
possiole by the work of comparatively few men. Today a very 
considerable part of the population of progressive nations is engaged 
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in business having to do with the production of metals and their 
manufacture ； therefore, fundamental improvements in the art of 
metal working have a far-reaching effect. They make possible the 
manufacture of more useful articles at lower costs, and open new 
fields where satisfactory accomplishment was formerly impossible. 
The perfection of special steels for severe duty, and of means for 
working them, is creating more reliable and higher-speed train ser- 
vice; and modern shop practice has perfected the automobile. We 
have but just learned that mechanical flight has been attained, and yet 
the historic work of many able investigators probably would not 
have been consummated by the Wright brothers, notwithstanding 
their remarkable researches and experiments, had not advances in 
metal working made possible the present highly efficient hydrocarbon 
motor. And who will attempt to prophesy the distance and breadth 
that the Wrights' accomplishment may reach? 

In the final analysis, the real interest attached to the performances 
of machinery of any kind has to do with the usefulness of the work 
done, and if from this standpoint the measure is not satisfactory, 
it has no permanent worth. Certainly, the metal trades, considered 
as a whole, have contributed liberally to the needs of civilization. 

A study of the development of the machining of metal shows 
that during the period commencing with the work of Maudslay, who 
may be considered the father of most of our modern machine tools, 
and terminating only a few decades in the past, advancement had to 
do chiefly with the designing of new types of machines, and supplying 
them to the rapidly growing demand. Since that time effort has 
been directed principally to the more economical performance of 
machine work, and "efficiency" has been the watchword. For some 
time after the invention of the steam engine it was sufficient to make 
an engine that would run satisfactorily. Today, as a result of wide- 
spread competitive conditions, efficiency in operation and efficiency 
in manufacture are of almost equal importance. 

Everyone interested in machine-shop work is familiar with the 
marked development of recent years. The subjects of high-speed 
steels, motor drives, machine tools for heavy duty, equipment for 
the handling of materials, and the systems of management required 
for directing the operators of machinery of all kinds, have been 
constant and at times heated subjects of debate, and the atten- 
tion so given to them has, necessarily, been most fruitful of results. 

It has been mentioned that shop practice, which includes all the 
factors just referred to, is nearing a stage approaching standardiza- 
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Hon, so that a resume of existing practice and a brief allusion to 
modern types of machinery may prove of interest. 

About ten years ago there were a number of men who were 
actively engaged in work that had to do with the more effective 
administration of industrial work, and especially machine-shop work ； 
but it is a question whether general interest would have been 
awakened in this subject, to anything like the extent that -has proved 
to be the case, if certain revolutionary advances had not been made 
concerning the physical features involved in metal-working plants. 
We can properly assume that present macnine-shop practice, as it is 
now exemplified in many concerns, received its greatest impetus 
through the introduction of high-speed cutting tools and the motor 
drive, and it is appropriate that consideration first be given to these. 

The machine-shop problem, in its most elemental sense, resolves 
itself into one of removing chips from the parts upon which work 
is to be done. This is equally true whether we consider a lathe tool 
removing a heavy turning from a locomotive tire, a nle smoothing 
a metal surface, an emery wheel cleaning up the face of a rough 
casting, or a scraper putting the finishing touches on the shears of 
a lathe. Tool steel is used for by far the greatest amount of work, 
so it should be expected that any marked improvement in its compo- 
sition or method of treatment, making possible the removal of a 
greater quantity of chips in a given time, would result in many 
radical changes in shop methods. Machine equipment in use when 
the high-speed steels were introduced proved to be so unsuited for 
the new demands that it was soon clear that no half-way measure 
would be sufficient, but that it was necessary immediately to recon- 
sider the whole subject of metal-working from an entirely new stand- 
point. Just at this time the motor drive was being strongly advo- 
cated by the companies manufacturing such equipment, and it was 
evident almost from the start that the individual motor drive for 
machine-tool operation promised a satisfactory solution to the new 
problems of greater power and better speed regulation. This con-^ 
dition resulted in a close competition for supremacy between toot 
steel on the one hand, and the machine tool upon the other. Another 
factor that proved to be important was the comparatively high cost 
of the new tools. To equip the tool room properly in a shop em- 
ploying several hundred men required the expenditure of several 
thousand dollars, so that in many instances the management became 
insistent upon the efficient use of the new steels. In order to 
accomplish this it was found necessary to resort to much more 
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effective methods of management than had formerly been customary, 
and so the foundation was laid from which has evolved the machine- 
shop practice of today. 

The efficiency of work performed in a machine shop, whether 
large or small, as a rule can be quickly arrived at through an inves- 
tigation of the tool room and the department for the manufacture 
of jigs and other accessories ； for although these departments occupy 
but a small part of the total shop-floor space, they serve to illustrate 
the policy and ability of the management. Their proper conduct 
involves practically all the functions that are required for the opera- 
tion of the shop proper ； and further, the efficiency of the productive 
work is to a large extent dependent upon the character and com- 
pleteness of the equipment stored in the tool room. 

Modern systems for shop administration may be successful, through 
methods of compensation, in establishing work to the full extent of 
physical endurance, yet this alone will not result in economic con- 
ditions. The training of the individual operators is the more essen- 
tial requisite. Training, in itself, implies that the trainer must have 
as his object a certain definite accomplishment which can be achieved 
only through the standardization of methods and facilities. The 
competent professional baseball pitcher could never attain the pro- 
ficiency now usual if the ball that he uses had not been standardized 
almost exactly as to weight and size. In this instance the equipment 
― namely, the baseball 一 can be readily standardized once for all, 
and the individual skill of the player is the governing factor. In the 
machine shop, however, the involved character of the equipment 
causes it to assume a more important part, and the operator's manual 
skill is not as essential as the knowledge he has concerning the 
method of adjusting his machine for different work. The determina- 
tion of such methods can, however, be attained only as a result of 
painstaking scientific work, and accomplishment once achieved can 
only be duplicated provided the same conditions as regards tool 
steel, machine, and character of material worked are capable of exact 
reproduction. When it was found that thorough analysis and scien- 
tific study resulted, as a rule, in the establishment of methods requir- 
ing not more than one-tiiird of the time necessary for the perform- 
ance of the work when it was planned by the machinist himself, it 
became evident that old methods would have to give way to the 
new. So it is on this account that, today, standardization in regard 
to shop equipment is receiving just as much attention as the stand- 
ardization of parts entering into the finished product. 
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The starting point for standardization is always in the tool room, 
and properly begins with the cutting tools. The adoption of standard 
shapes and sizes for lathe tools, boring cutters, and even chisels, is 
now the general practice, as is also the method of forging and treat- 
ing the tools. Even in small shops it pays to have one man grind 
all the tools, absolutely prohibiting the workmen access to any 
grinder for this purpose. Tool steel is now bought by several large 
users according to specifications, different compositions being specified 
for different classes of tools, and it is likely that this practice will 
become general. 

While what has just been said regarding cutting tools is now 
generally appreciated and acted upon, the same attention is not given 
to many other accessories which rightly form a part of the tool- 
room equipment. All clamping bolts and wood blocking should be 
standardized, and in certain cases it is now the practice always to 
issue, with a set of bolts, a standard wrench that exactly fits the nuts. 
When these bolts are returned to the tool room each one is examined, 
to see that it has not been damaged and that the nut is hand loose, 
and if this is not the case the parts are not returned to the racks 
until they have been repaired. 

The old practice of each machinist personally securing from the 
tool room the tools and other auxiliary equipment that in his judg- 
ment are needed is rapidly giving way to the system of providing 
in advance for each operator all of the tools and other parts that 
are required to consummate the work in a predetermined manner. 
The advantage of this method is so great that to some extent at 
least it is being followed in almost all large shops, even though 
standard instructions for performing the work are not given to the 
workmen, or, in fact, may not be on record. 

It is customary in large machine shops to confine the tool room 
to storage purposes only, all grinding and tool making being done 
in a separate department, which work in some cases is not fenced 
off from the rest of the shop. The desirability of this plan, as well 
as many other procedures that are followed in up-to-date plants, 
depends to a considerable extent upon the number of men employed 
and the character of the work. The function of the tool room, 
however, is always the same ； and to preserve it properly it is neces- 
sary to draw a sharp line between the making, care taking, and 
issuing of tools, and the productive work in connection with which 
the tool-room equipment is used. We can conclude from the above 
summary regarding tool-room management that present-clay practice 
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promises to result, very soon, in a general standardization, and that 
the modern tool room far surpasses in its usefulness the carelessly 
managed tool departments that were usual a few years ago. 

A very interesting example of the standardization of lathe and 
planer tools on a large scale is the central tool-dressing plant 
recently established at the Philadelphia Navy Yard, which sup- 
plies to all navy yards on the Atlantic Coast high-speed lathe 
and planer tools, which have been forged, treated and ground to 
standards. Each of the various yards is equipped with art auto- 
matic grinder for regrinding the tools until they require re- 
dressing, when they are returned to the central tool-dressing plant 
at Philadelphia for replacement by newly dressed tools. The 
great advantages of this scheme are that all yards are equipped 
with tools of standard shapes and of uniformly high quality, and 
as the forging, dressing, and grinding of tools are done in large 
lots, substantial reductions in cost result. This system for the 
standardization and distribution of tools was introduced at the 
Philadelphia Navy Yard by H. K. Hathaway, and it sets an example 
that will probably be followed by railroads and other large concerns 
operating a number of machine shops. 

Owing to the importance of the question of storing small tools 
and accessories, a number of illustrations are included in this article 
which are typical of present practice. The sectional racks shown are 
in the tool room of the Tabor Manufacturing Company, Philadelphia, 
and are particularly interesting as they provide special receptacles 
for many parts, such as bolts, wood clamp blocks, and other auxiliary 
equipment which, until recently, were not standardized or carried in 
the tool room. 

When the motor drive was placed on the market, the requirements 
of machine tools (that is, the requirements of the cutting tools) were 
so vaguely understood that the subject of individual drjve proved 
for a long time a very complex problem, with the result that many 
conflicting views arose among the machine-tool designers and shop 
managers. However, this very condition was instrumental in rapidly 
developing motors adapted to a wide range of requirements, and now 
that the subject is better understood and opinion is in large measure 
unified, we find that the problem has been most satisfactorily and 
simply solved. The power and speed requirements of shops doing 
different classes of work vary widely. A jobbing shop represents 
one extreme, for miscellaneous work necessitates wide ranges in 
speeds and in power demands. At the other extreme we have 
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SWOTIONAL RACKS, TOOL ROOM OF TWE TABOR MANUPAOTURING COMPANY, PHILADELPHIA. 

on the left arc seen the wood clam|> blocks and on the ^^^^^ the bolts, etc., standardized for each job and methodically kept in place ami 

in order. 
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establishments doing 
purely manufacturing 
work, such as the 
making of sewing 
machines or cash reg- 
isters, in which cases 
the machine equip- 
ment is largely spe- 
cial and such changes 
in speeds as required 
are usually obtained 
automatically. There- 
. fore, the . shop hand- 
1 i n g miscellaneous 
work offers the great- 
er opportunity for the 
effective use of the 
variable-speed char- 
acteristics of certain 
systems of motor 
drive. 

It is no longer 
necessary for the ma - 

SECTIONAL RACKS FOR TOOL-ROOM STORAGE OF chine-tool buildcr to 
JIGS, ETC. resort to guess work 

Tabor Manufacturing Co. in selecting motorS 

for the operation of the tools he builds. The exhaustive tests that 
have been made concerning power required when machining different 
materials and for different combinations of speeds, feeds, and depths 
of cut enable him to determine power requirements with accuracy, 
and the character of work a given machine is designed to handle, 
considered along with prevailing practice regarding methods of oper- 
ation, enables him to arrive at the desirable variation in motor speeds. 
The total range in spindle speeds that is desirable is dependent upon 
the ratio of maximum to minimum diameters of work, or if the work 
is stationary, upon the ratio of maximum to minimum cutter diam- 
eters ： the range is also dependent upon the ratio of the hardest to 
the softest material to be macnined and upon the Kind of operation, 
whether cutting, filing, polishing, etc. The number oi intermediate 
speeds that should be available throughout the total range is governed 
by the uniformity of the material worked, the uniformity of the cut* 
ters, the number of feeds, and the means that the workmen have at 
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hand to determine the proper speed. The amount of power required 
for machines where tool steel is used depends upon the character of 
material and tools, the cutting speed, the depth of cut, the feed, and 
the shape of the cutter and the friction load. The power required for 
grinding machines, punching and shearing machines, and machines 
for changing the shape of materials without removing any metal is 
dependent in each instance upon factors special to these classes of 
work. In practically all cases, there are now available data which 
are sufficiently accurate to be used as a guide by the companies build- 
ing machines suited to any of the purposes enumerated. 

The practice of using direct-current motors for variable-speed 
drives has become so general that it can practically be considered 
standard and is not likely to be supplanted until radical changes in 
alternating-current motor designs have resulted. It is conceded by 
most men who have made a study of the subject that a range of 
throe to one in motor speeds will satisfactorily meet most cases, and 

that a range of two 
to one is frequently 
sufficient. The direct- 
current motor of the 
field-weakening type 
will perform very 
satisfactorily through 
these ranges, and as 
the controlling appa- 
ratus is simple and 
no special system of 
wiring is required, 
this type of equip- 
ment is now being 
used almost exclu- 
sively. 

There are certain 
tools in almost every 
machine shop which 
can be driven advan- 
tageously by arrang- 
ing in groups and 
belting them to short 
lengths of line shaft- 

SECTIONAL RACKS FOR ARBORS, BORING BARS, " „ „,t-- t. • "'― 

CUTTING TOOLS, E^c. '"？ which 111 tum are 

Tabor Manufacturing Co. anven by constant- 
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speed motors. If the shop is a small one and the requirements of 
certain tools can only be satisfactorily met through the use of 
individual motors, it is best to adopt a direct-current system 
throughout. The requirements of very large plants comprising a 
number of shops spread over a considerable area can, however, be 
most economically served by generating alternating current, using 
induction motors where constant speed will serve and direct-current 
motors driven from a rotary converter or motor-generator set for 
the variable-speed machines and traveling cranes. In this way the 
current can be distributed at higher voltage than would be pacticable 
if the direct-current system were adopted, with a consequent saving 
in cost of distribution. This plan has been adopted for a number of 
the large plants recently built, including certain railroad shops. 



SELLERS WHEEL-TURNING LATHE, FRONT VIEW. 
VVilJiarn_ Sellers & Co., Inc. 

ス ' 

It will probably be of interest^at this point to cite the performance 
of a machine tool designed Nvjtb^an understanding of the factors with 
wnich we have dealt and oj:i^ated. by. a man who has been properly 
trained and has available- all ， necessary information regarding the 
work to be performed. A case of this character was recently illus- 
trated in the machine shop of William Sellers & Co" Inc., when a 
test was made upon a new car-wheel lathe designed especially, to 
meet the requirements of railroad shops. It will be recalled by those 
who are familiar with railroad work that not many years ago the 
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NEAR VIEW OF TOOL HOLDERS AND CHUCKS^ SELLERS WHEEL-TURNING LATHE. 

time for turning a pair of car wheels averaged about hours, 
and when ten pairs could be turned out on one lathe in a working 
clay of lo hours it was thought that about the best possible record 
had been attained. This rate of work has, of course, been gradually 
increased since then and the results cited below exemplify the 
economies in time that recent methods have brought about. Three 
pairs of 36-inch steel-tired wheels, selected at random from a large 
number shipped to the machine-builders' plant by the Reading Rail- 
road Company, were turned in an average of about 20 minutes per 
pair, including the time of setting, machining, and taking out of 
the lathe. The actual time that the machine was in operation aver- 
aged about 18 minutes per pair, and the fact that 90 per cent of the 
total time required represents the period that the machine was doing 
effective work is a very significant factor. As a rule, greater econo- 
mies can be accomplished through devising means for reducing time 
required for setting up work and taking it out of machines than in 
connection with the reduction of the actual machining time. In 
either case the economy comprises the saving effected in wages and 
in the overhead expenses chargeable to the work on account of the 
investment in equipment and building accommodations, but the time 
that the machine is idle is, as a rule, not given as much attention as 
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the time for machining, which accounts for the substantial reduction 
that can often be made in this direction. 

Returning to the Sellers car-wheel lathe, it will be noted by the 
illustrations that it is motor-driven, the direct-current, field- weaken- 
ing type of equipment having been adapted. The machine was 
designed throughout to permit of the fullest performance of the 
modern high-speed steels, and the arrangements for motor control, 
gear changes, tool adjustments, etc., have been worked out with a 
view to making all of these convenient to the operator and easy of 
accomplishment. The tools that were used were carefully selected 
for the work and forged and ground to shapes that had previously 
been found best. The operator was thoroughly conversant with the 
work to be done and the handling of the lathe. He knew just how 
much speed the tools would stand for a given depth of cut and feed,: 
and his training had been such that he could efficiently operate both! 
heads of the machine simultaneously. 

It was stated that the tests just referred to illustrate the high 
degree of efficiency that today characterizes machine-shop practice. 
The article that will appear in the next issue will include a some- 
what more detailed consideration of machine-tool design and opera- 
tion, as well as additional illustrations of modern types of equipment 
and motor-drive applications. 
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MACHINE-TOOL PRACTICE FOR MAXIMUM 
PRODUCTION 

By Charles Day. 

The article under the above title in the July issue summarized present practice regarding 
certain of the principal factors that have revolutionized the art of metal working and 
methods of shop administration. It was stated that the knowledge acquired concerning the 
requirements of the work and properties of the cutting tool, together with the standardiza- 
tion of many shop details, is but just forming a thoroughly sound basis for machine-tool 
design and operation. This installment will consider matters bearing more specifically 
upon the design, construction, and operation of machine tools. 一 The Editors. 

IT must be remembered that in order to secure, during practical 
operation, the highest efficiency of the machine tools described 
below, the small-tool equipment must be properly cared for 
and a system of management enforced that provides, for each opera- 
tor, directions concerning the adjustments of his macnine for various 
jobs, and that also assures continuous movement of the parts to be 
machined until they are finished. 

I preface this article with the foregoing remarks, as machine-tool 
design is no longer confined to a mere knowledge of the principles of 
mechanics and the properties of materials, any more than the services 
of the industrial engineer, engaged to prepare plans for a new 
machine-shop building, have to do only with the structural and archi- 
tectural details that ultimately compose the building plans. An under- 
standing of the fundamental laws underlying pure machinery design 
(which as a matter of fact are useful only provided the work to be 
done can be accurately defined) is constantly becoming the more 
simple part of the total information that is necessary for the designer 
to possess, especially as these laws are expressed in mathematical 
formulae and permit of only one interpretation. It is rather his grasp 
of the more subtle considerations arising through a knowledge of the 
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subjects considered in the previous paper that measures his ability to 
cope successfully with the problems modern conditions have intro- 
duced. The men who lead in this field have good insight into the 
readiness of those who purchase machine tools to adopt departures in 
design and methods of operation that make for greater output, and 
one of the principal problems with which they are confronted is to 
educate the trade as rapidly as they can perfect their machines. 

The questions before us may be properly divided under two head- 
ings; first, the definition of range and character of work to be per- 
formed ； second, design and construction suitable for the fulfilment 
of specified requirements. 

Radical changes in design have been brought about principally 
through the efforts of machine-tool builders to meet given require- 
ments in a more efficient manner by limiting the range of usefulness 
of their machines, and secondarily, after the duty has been fixed, to 
provide means that will permit of the most efficient utilization of the 
nigh-speed steels. It is obvious that the designer must be guided 
almost wholly by his own judgment when arriving at a decision con- 
cerning the range of work that a given machine should handle. Much 
more definite data, however, are available concerning the performance 
of cutting tools, for the records that have been secured and the stan- 
dards that have been established by machine-tool builders and the 
concerns manufacturing tool steel are now so complete that their 
maximum capabilities can be foretold within reasonable limits. 

The relations existing between cutting speed, feed, depth of cut, 
and power requirements for various machining operations with high- 
speed tools when working upon different kinds of materials, are now 
so well understood that slide rules have been made which greatly 
facilitate accurate work of design. The bearing these factors have 
upon the power demand was referred to briefly in the preceding 
article under the heading of motor drives. 

Mr. Fred W. Taylor's admirable treatise entitled "The Art of 
Cutting Metals" is deserving of the most careful study upon the part 
of machine-tool designers, for it not only contains data that are of 
immediate usefulness, but points the way for further adviances 
through the continuance of experimental work in the same thorough 
and scientific manner. The metallurgical side of the subject should 
also be familiar to those directly engaged in the advancement of ma- 
chine-shop practice, and its present status is well covered by Mr. O. 
M. Becker in his articles that recently appeared in this magazine. 

As a result of the thorough study given to all of the foregoing 
matters, there is a marked tendency toward the grouping of machine 
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FIG. I. LASSITER AUTOMATIC NUT-TAPPING MACHINE. 

tools into three broad classes ； i, fully or partially automatic machines ； 
2, machines of small range with limited functions ； and 3, machines of 
broad usefulness characterized by the perfected designs of older 
types. 

The full automatic machine tool reaches the highest efficiency in so 
far as facility of operation enters in, and this is a matter of much 
more importance than formerly as the knowledge of the most efficient 
method of performing each of possibly a great number of operations, 
necessitates constant changes in feeds and speeds. The Lassiter au- 
tomatic nut-tapping machine (Figure i) is one of the most recent 
examples of this type. It is hardly necessary to point out that except 
for the general attention that must be given to any automatic machine, 
it is necessary for the attendant only to put the nut blanks into the 
receiving hopper and take away the finished product. One of these 
machines in the Schenectady works of the American Locomotive 
Company operated during a week's run at the rate of 12,000 J/2-inch 
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FIG. 2. FITCHBURC LO-SWINC LATHE. 

nuts in ten hours, and in the same period 10,000 5^-inch nuts. The 
machine in question is designed to tap and ream nuts up to i% inch. 
Of course, if one of the spindles is reaming and the other tapping the 
above output would be halved. 

The field of usefulness and efficiency of the full automatic ma- 
chines made by the Brown & さ harpe Manufacturing Company, the 
National Acme Manufacturing Company, and others is so well un- 
derstod as not to require emphasis here. The same holds true of the 
semi-automatic machines of the Jones & Lamson, Potter & Johnson 
and Gisholt types, for all these have demonstrated their efficiency 
beyond question of doubt. 

The "Lo-Swing" lathe ( Figure 2) built by the Fitchburg Machine 
Works is a good illustration of the class of machines designed for a 
small range of work and, in this case, for the performance of but a 
single function, namely, turning on centers. The maximum diameter 
of work that it will handle is が inches, and it is not availaole for 
chucking work or for screw cutting or any purpose other than plain 
turning. Tnis limitation of duty permits of very great rigidity of 
construction, a condition necessary for the performance of accurate 
work at high speed. Space will not allow of the description of in- 
teresting points that this lathe incorporates, such as the manner of 
rigidly supporting the work, the tool carriages, etc. It is now gener- 
ally coi)ceded that the maximum output of a lathe is secured by taKing 
the coarsest feed consistent with the work to be done, and owing to 
the limited range of the Lo-Swing design combinations of feed and 
speed can be had that represent almost maximum efficiency for any 
possible condition. The driving mechanism is designed to provide 
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power necessary for the performance of any reasonable roughing 
work falling within the lathe's capacity, so that the cutting tool has 
been made the limiting factor. 

The value of narrowing down the available range of work can be 
illustrated by citing certain performances of a Lo-Swing lathe. Cam 
shafts having eight cams and one gear to each shaft (for four-cyl- 
inder gas engines for automobile operation) were turned from the 
solid steel bar in one hour each, four tools being operated at the same 
time. The record for this job when done on an engine lathe was 
several times as long. In another instance cast-steel steering knuckles 
used on automobiles were turned and the shoulders faced at the rate 
of 200 per day of 10 hours, or 3 minutes each. Ordinarily these parts, 
if machined on the usual type of engine lathe, would require about 
10 to 15 minutes apiece. In both Cases the work was done without the 
use of any special tools or attachments other than those furnished 
with the machine. I re- 
gret that it is not pos- 
sible to include detail 
dimensions of the parts 
referred to. 

The Lassiter straight 
or taper bolt-turning 
machine (Figure 3) 
was also designed for 
a limited range of work 
and for a specific func- 
tion. Latest practices 
have been taken advan- 
tage of and its output, 
in practical everyday 
production, of 1,762 
inch to ^-inch taper 
bolts 4 inches long in 
10 hours (spindle speed 
75 revolutions and 
5/32-inch feed per rev- 
olution) and 304 2-inch 
bolts 16 inches long in 
the same time (spindle 
speed 40 revolutions 



and feed 5/32-inch per 
revolution) are a good 



FIG. 3. LASSITER STRAIGHT AND TAPER BOLT-TURNING 
MACHINE. 
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indication of the ef- 
ficiency of the re- 
sult. The foregoing 
production is se- 
cured by roughing 
on two spindles and 
finishing on the two 
others. 

亇 he single-purpose 
principle is also ex- 
empimed for ma- 
chines of a much 
larger class by the 
Niles ingot - slicing 
lathe (Figure 4). It 
is provided with six- 
teen cutting tools, 
eight on the front 
and eight on the rear 
of the machine, and 
each pair of front 
and rear tools work 
in the same cut or 
groove, the rear tool 
cutting out a nar- 
rower groove than 
the front one. The 
machine is designed 
to handle ingots up 
to 24 inches diame- 
ter and the range of 
spindle speeds is 1.6 
to 18 revolutions per 
minute. Its gross 
weight is about iio，- 
000 pounds exclu- 
sive of motor drive. 
The builders recom- 
mended a 90 horse 
power motor of the 
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FIG. 5. LODGE & SHIPLEY 30-INCH PATENT HEAD LATHE. 

direct-current type with a speed variation of two to one. The func- 
tion of this machine is made clear by the illustration, and its massive 
design is indicative of the service to which it is suDjected. 

The above illustrations were included principally to emphasize 
the importance of the initial definition of work to be handled as a 
factor in the design of machine tools for maximum production. Al- 
most any work can be economically performed upon full automatic 



FIG. 6. PRATT & WHITNEY 1 6-INCH MOTOR-DRIVEN ENGINE LATHE. 
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machines provided the same operations can be repeated a great 
number of times. Modern practice, however, has made it possible to 
curtail greatly the machine time for many parts that are made in 
limited numbers only. 

There will always be a field of usefulness for machines of all 
classes designed for a wide range of work, because in many shops 
little opportunity for duplication exists and for the performance of 
work upon large parts highly specialized machines can rarely be 
kept sufficiently busy to justify the large investment charges. The 



FIG. 7. BULLARD 24-lNCH VERTICAL TURRET LATHE. 
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machines illustrated by Figures 5 to 20 inclusive serve to exemplify 
the advance that has been made in machines of standard types with- 
out curtailing the range of work that can be accommodated. 

The Lodge & Ship- 
ley belt-driven lathe 
(Figure 5， page 731) 
was selected for the 
purpose of exemplify- 
ing the type adapted to 
the broadest conditions, 
as opposed to the sin- 
gle-purpose lathe. The 
replacement of the 
cone-pulley drive by 
the change-gear trans- 
mission which has been 
so generally effected in 
macnines of all types is 
well illustrated by the 
patent head which 
reaaily transmits power 
for maximum demands 

J . . . FIG. 8. BULLARD VERTICAL TURRET LATHE SET UP FOR 

and in conjunction with ^ job. 

the countershaft a con- 
sistent number of speeds can be secured. In addition, one of the most 
desirable features of this type of transmission is that it necessitates 
a minimum effort upon the part of the operator when changing speeds, 
and it thus represents a great advance over the step-cone pulley drive. 

This problem of facility of operation is most difficult to solve for 
machines suited to a wide range of work, although very great 
progress has been made during recent years. It is an especially im- 
portant matter for large machines as the unit charge for setting up 
and taking down work is proportionally large on account of the high 
machine-hour rate. It is in this regard that the standardization of tee 
slots, clamping bolts, blocking, and special means for handling heavy 
parts plays such an important function. 

The i6-in<iU motor-driven engine lathe built by the Pratt & 
Whitney Company ( Figure 6) is a good example of the latest practice 
in small lathe construction. 

An excellent illustration of macnines designed for a wide range 
of duty is the Bullard vertical turret lathe described by the Builard 
Machine Tool Company as "A multi-purpose machine tool of almost 
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universal adaptability for pieces coming within its range ノ， The 24- 
inch machine is shown in Figure 7, and the setting of the tools for a 
given job by Figure 8. Although this vertical turret lathe accommo- 
dates a very great variety of work, and a considerable range in sizes, 
efhciency has by fio means been sacrificed, but rather has the opposite 
result been brought about through a design that permits, in some 
cases, of the simultaneous operation of four tools on a single piece 
and that minimizes idle time through the facility afforded when 
making adjustments. The single-column box construction with broad 
base, well ribbed throughout, is suited to resist strains and eliminate 
the chatter which is so destructive to the cutting tool. The con- 
venience of the gear change drive is taken advantage of to the full. 




TIG. 9. OPERATIONS PERFORMED ON CAST-IRON PISTON HEAD WHEN MACHINED ON 
BULLARD VERTICAL TURRET LATHE. 



Fifteen table speeds arranged in geometrical progression can be se- 
cured without stopping the driving pulley and a brake is used to check 
idle revolutions of the taole. The control of the macnine has been 
centralized to a very great extent and interlocking devices are used 
to obviate break-downs. The independent universal movement of 
both vertical and side heads permits of the use of single point rather 
than formed tools, and in the words of the maker "a four-inch gear 
blank and a fly-wheel requiring the full capacity of the machine may 
be completed with equal facility with the same tool equipment." The 
feed gears are independent for each head and micrometer dials and 
observation stops add to the completeness of the design. 

In many respects this machine illustrates well the trend of ma- 
chine-tool practice, and on this account it has been described in some 
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detail. Figure 9 shows the operations performed when roughing a 
cast-iron piston head (18-inch diameter, lo-inch space) to within 
1/16 inch of finished size. The time for this job is 45 minutes. The 
finishing cut is taken after the head is forced upon the rod. 

Aside from the defining of work to be done and the manner in 
which it should be performed, modern practice has been concerned 
chiefly with the severe duty exacted by modern cutting tools. It was 
soon found that their maximum performance taxed the materials 
that were formerly used for machine-tool construction beyond the 
point where satisfactory operation is possible. The machine-tool 
builder profited considerably in regard to this matter through the 
experience of the automobile makers, for the heavy moral responsi- 
bility which rests upon the latter made it imperative that they should 
satisfactorily meet the duty imposed upon the materials of construc- 
tion 一 that is, lightness without sacrificing toughness and strength. 
Gears and shafts made of nickel-, vanadium-, chrome- and other 
alloy-steels are now used in both these businesses, so that it is abso- 
lutely necessary that the designer be thoroughly conversant with their 
known properties, and in touch with advancement work that is going 
rapidly forward. Much of interest and value concerning this subject 
will be found in the paper by John Mathew published in the Journal 
of the FranfUtn Institute, May 1909. 

Almost any of the modern machine tools could be used to illus- 
trate the changes that have been necessary in the details of construc- 
tion in order that they may withstand present day demands. The new 
し incinnati Bickford high-speed plain radial drill press illustrates inter- 
estingly the recent progress made in high-speed drilling. The 72-inch 
machine weighs approximately 21,000 pounds and is equipped with 
a 20 horse power type S, Westinghouse constant-speed motor. The 
transmission is composed of nickel-steel gearing, and twenty different 
spindle speeds arranged in geometrical progression are secured by 
means of a speed box, operated by a single lever and four changes on 
the head. A lever in reach of the operator actuates the only friction 
clutch in the transmission which is used to start, stop and reverse the 
spindle. The feed box and certain other features distinctive of former 
Bickford radials are incorporated in the macnine, although they have 
been redesigned to suit the extraordinary requirements. Eight feeds 
are provided, arranged in a geometrical progression from .006 inch 
to .048 inch per revolution of the spindle. The sizes of shafts and 
bearings, features of lubrication, and other details have been worked 
out with much care, and especially the structure of the bed, column 
and arm, so as to secure great rigidity during maximum work. 
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1 recently observed certain tests on this machine and the results 
are worth recording. A number of 3-inch holes were drilled through 
a block of cast iron 4 inches thick with a Celfor drill operating at 
1 87- feet cutting speed in about 35 seconds, or at a feed of 6^ inches 
per minute. The same radial drill press operated a ん inch Celfor 
drill at 7ofeet cutting speed and a feed of 27 inches per minute, the 
cast-iron blocks being drilled through in less than 9 seconds. Of 
course the cutting speed during the first test was abnormally high, 
although the drill was in good condition after the work was done. In 
the latter instance the anil was apparently perfect after drilling 
a very large number of holes. Over 20 horse power was required to 
drill the 3-inch hole at the rate mentioned, exemplifying a condition 
of operation that would have been scarcely conceivable a few years 
ago. The extensive experiments that the designer, Mr. H. M. Norris, 
has conducted regarding the drilling of metals formed the basis for. 
the design of this radial, so that the problem was one of satisfactorily 
meeting known requirements. 



FIG. 10. NO. 5 UNIVERSAL HIGH-POWER MILLER. CINCINNATI MILLING-MACHINE CO. 
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Tests recently made by Mr. Geo. E. Hallenbeck indicate that 
the most rapid drilling can be done by using comparatively high speed 
and moderate feeds, as it is possible to carry a heavier feed at a high 
speed than at a medium speed. Mr. Hallenbeck，s tests were made on 
a modern Baker Brothers' drill press and showed results that checked 
with the test on the 3/2 -inch drill described above. 

Machine-shop prac- 
tice has made note- 
worthy progress in re- 
gard to milling work. 
Figures 10 and 1 1 show 
the No. 5 universal 
high-power miller and, 
in part, the No. 4 ver- 
tical high-power miller 
built by the Cincinnati 
Milling Machine Co. 

This concern has es- 
tablished a fixed duty 
at the cutter as the 
basis of design for each 
of their milling ma- 
chines. Extensive cut- 
ting tests were conduct- 
ed for the purpose of 
determining these stru ト 
dards, which are based 
upon the milling of 
machinery-steel blocks 
5 inches square and 18 

inches long, analyzing fig. ii. no. 4 vertical high -power miller, cin- 
16 points carbon and 51 "nnati milling machine co. 

points manganese ； tensile strength 55,000 pounds per square inch, elon- 
gation 50 per cent. The No. 4 miller when equipped with a standard 
spiral milling cutter with nicked teeth will take a cut across one of these 
blocks 5 inches wide and ^ inch deep, at a table speed of g% inches 
per minute, which is at a rate of 6.1 cubic inches of metal removed 
per minute. This practice, which is also being followed by certain 
other machine-tool builders, is rapidly tending to place the sale of 
equipment solely upon a basis of the quantity and quality of work 
that it can produce, rather than upon a comparison of the structural 
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FIG. 12. NO. 5 HEAVY PLAIN MILLING MACHINE. BROWN & SHARPE MFG. CO. 

features, which is often quite misleading to those not familiar with 
the principles of design. 

Interchangeability of parts between horizontal and vertical types 
of milling machines and for different systems of drive and feed is now 
recognized as important to the purchaser, and the Cincinnati Milling 
Machine Company have satisfied this condition very efficiently. 

The possibilities of modern milling-machine design were nicely 
shown by the operation of a Brown & Sharpe No. 5 heavy plain mill- 
ing machine (Figure 12) exhibited at the Master Mechanics' Conven- 
tion during June of this year. The floor upon which the machine was 
set up without bolting, settled i J4 inches after being loaded. In one 
instance high-speed cutters, inches diameter with spiral nicked 
teeth, milling carbon steel (65,000 tensile strength and about 40 
points carbon) operated satisfactorily at a cutting speed of 60 feet 
per minute, width of work 6 inches, depth of cut 3/16 inch, and table 
feed 16 inches per minute. A number of delicate tests were made 
during the performance of this work to demonstrate the rigidity of 
the machine. The same gang of cutters made over one hundred cuts 
across the test piece under the conditions enumerated and their life 
was by no «neans reached, their capacity being probably in the neigh- 
borhood of 200 cuts. 

The feeds and spindle speeds provided for in this machine are 
arranged in geometrical progression and are independent. The feeds 
are all given in inches per minute so that after the cutter has been 
brought up to the proper peripheral speed the feed can be readily 
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adjusted to the point best suited to the nature of the work and type 
of cutter used. This practice in itself represents quite an advance in 
milling-machine design, and is followed by the builders of not only the 
types of machines illustrated but those for other purposes. 

Figure 13 shows the Brown & Sharpe No. 6 automatic gear-cutting 
machine which is referred to in this part of the article on account of 
its interest from a standpoint of milling operations. It has been grad- 
- ually modified since it. was put upon the market years ago, to meet 
， the advances made in high-speed cutters, and in this respect is a good 
' example of the evolution through which machine tools must go in 
' order to keep abreast of the times. An interesting piece of work was 
recently performed on this gear cutter in the shop of the Brown & 
Sharpe Mfg. Co. A cast-steel gear, 119 teeth, 2-inch pitch, 5-inch 
' face, was finished from the solid without previously roughing with a 



FIG. 13. BROWN & SHARPE NO. 6 AUTOMATIC GEAR-CUTTING MACHINE. 
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15- NEW RAPID-PRODUCTION SPUR-GEAR CUTTING MACHINE. NEWTON MACHINE 

TOOL WORKS. 
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6^ -inch diameter high-speed steel cutter, the spindle revolutions 
being 38 per minute and the feed i 15/16 inches per minute. The cut- 
ting time per tooth was 4 minutes and the time for the entire gear 
8 hours and 13 minutes. In no case did the teeth vary more than 
0.001 inch, a degree of accuracy well within the requirements of 
commercial gear cutting. 

Figure 14 illustrates the 84-inch by 16-inch Gould & Eberhardt 
new type automatic gear-cutter for blocking out a large cast-iron 
gear. This gear has 90 teeth, 3 inches circular pitch, 87.8b inches 
outside diameter and 12 inches face. The total time for blocking out 
and finishing was 7 hours and 35 minutes. 



FIG. 16. 42-INCH VARIABLE-SPEED MOTOR- DRIVEN FORGE PLANER. THE CINCINNATI 

PLANER CO. 

Figure 15 illustrates the new rapid production spur-gear cutting 
machine built by the Newton Machine Tool Works, and very interest- 
ing performances have been accomplished on this machine. 

Brief reference should be made to machine tools of the reciprocat- 
ing type, such as planers, shapers, and slotters,. especially as these, 
considered as class, were not redesigned to meet new conditions as 
promptly as the types we have already considered. As no change in 
cutting speed is required on account of the dimensions of the work, 
it was some time before its neea in order to meet the requirements of 
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FIG. 17. 



GOULD & EBERHARDT 24-INCH SHAPES, 
HIGH-DUTY. 



different materials 
and different kinds 
of cuts was proper- 
ly appreciated. 
M u c h importance 
has been attached 
to the speed at 
which the work is 
returned, whereas 
a simple calculation 
will at once show 
that a variable cut- 
ting speea is a far 
more important 
matter. For exam- 
ple, with a cutting 
speed of 20 feet per 
minute and a re- 
turn speed of 80 feet per minute, the cutting feet per hour would be 
960. If the speed of the return is doubled (160 feet per minute) the 
cutting feet per hour would be 1,066, or a gain of 11 per cent. On 

the other hand, if 
the cutting speed is 
doubled (40 feet 
per minute) and 
the return kept at 
80 feet per minute, 
the cutting feet per 
hour would be 
1,600, or a gain of 
66 2/3 per cent. 

This fact is fully 
recognized in the 
design of the ma- 
chine illustrated in 
rigure 16 which is 
the 42-inch varia- 
ble-speed motor- 
driven forge planer 
built by the Cin- 

„ , cinnati Planer Co. 

FIG. 18. GEARED SHAPER, 1 6-INCH, WITH FRICTION CON- . , 

TROL FOUR-SPEED DRIVE. AMERICAN TOOL WORKS CO. ^ niOtOr IS ratCQ 
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FIG. 20. NILES pO-INCH DRIVING-WHEEL LATHE. 

at 20 horse power and is the compound- wou nd direct-current type. 
The return speed is fixed at 80 feet per minute and cutting speeds of 
15, 20, 25, 30, 35, 40 feet per minute can be had by means of the posi- 
tive variable-speed drive mounted on the housings. In the main par- 
ticulars this illustration is self explanatory. 

Figures 18 and 19 illustrate respectively the shapers built by Gould 
& Eberhardt and the American Tool Works Company. Each of these 
machines possess features that adapts it to the requirements of high- 
speed work. 

Figure 20 is included as an example of the modern equipment 
which has been perfected to meet the severe service exacted in modern 
railroad shops. 

A full realization of the advance that has been made in machine- 
tool practice during recent years can be had only by maKing a minute 
study of the subject. Many seemingly unimportant details have con- 
tributed largely to the success 01 individual types of machines, and I 
regret that it has been necessary in this article to select, as illustra- 
tions, only a few of the many admirable machines on the market. 
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